shows the structures of the first three leading MEOF modes, which 123 are similar to the MEOF modes obtained by Xue et al. (2000) . The first mode 124 (MEOF1) explains a large percentage (32%) of the coupled variance among surface 125 wind, SST, and SSH. This mode represents the Bjerknes (BJ) feedback process that is 126 well-known as a positive feedback mechanism that can cause ENSO to grow in 127 intensity (Bjerknes 1969) . This mode is characterized by warm SST anomalies in 128 tropical central-to-eastern Pacific (Fig. 1a ) that are coupled with westerly anomalies 129 to the west (Fig. 1b) and an east-west sloping of thermocline (represented by SSH)7 along the tropical Pacific (Fig. 1c) . 131
The second mode (MEOF2; explaining 7.3% of variance) represents the SF 132 mechanism and is characterized by positive SST anomalies extending from the 133 subtropical northeastern Pacific into the equatorial central Pacific (Fig. 1d ) that 134 assumes a pattern similar to the Pacific meridional mode (PMM) (Chiang & Vimont 135 2004) . This meridional structure of SST anomalies is overlaid by surface 136 southwesterly anomalies (Fig. 1e ) that are opposite in direction from the 137 climatological trade winds. These anomalies thus weaken surface winds, reduce 138 surface evaporation, and help maintain the positive PMM anomalies through the 139 wind-evaporation-SST (WES) feedback (Xie & Philander 1994) . Meanwhile, the 140 wind anomalies can deepen the thermocline in the central Pacific (Fig. 1f) triggering 141 the onset of an El Niño (Anderson & Perez 2015) . Conversely, the negative phase of 142 the SF mechanism can trigger the onset of La Nina events (Yu & Kim 2011) . 143
The third mode (MEOF3; explaining 5.3% of the variance) represents the CD 144 mechanism that is characterized by an increase in SSH (i.e., ocean heat content) along 145 the entire equatorial Pacific and a decrease in SSH along most of an off-equatorial 146
Pacific belt at about 10°N (Fig. 1i) . The increase (decrease) of the equatorial SSH, 147 which represents the charging (positive) or discharging (negative) of the ocean heat 148 content, are driven by the ENSO-associated wind anomalies in the tropical Pacific. 149
The charging of the ocean heat content deepens the thermocline to onset positive SST 150 anomalies in the tropical eastern Pacific (Fig. 1g) . The MEOF analysis clearly 151 identifies one development mechanism (i.e., the BJ mechanism) and two onset 152 mechanisms (the SF and CD mechanisms) for ENSO. Although the second and third 153 8 MEOF modes are not distinguishable from the higher modes based on the analysis of 154 their eigenvalues (North 1984) , their robustness was examined by applying the same 155 MEOF analyses separately to the first and second halves of the analysis period and 156 using other sets of SST, SSH, and surface wind data (see Text S1). Similar first three 157 MEOF modes were obtained in each of these additional analyses (Figs. S1-S3) . 158
To confirm the relationships between the first three MEOF modes and ENSO, 159
we performed a lead-lag correlation analysis between the PCs of the three modes and 160 the Niño3.4 index (Fig. S4) . Being an ENSO development mechanism, the PC of the 161 BJ mode (i.e., PC1) evolves together with the Niño3.4 with the largest correlation at 162 lag 0. The PC of the SF mode (i.e., PC2) has its largest correlation with the Niño3.4 163 index when it leads Niño3.4 by about 9 months, indicating that the SF mode is an 164 ENSO onset mechanism. The 9-month lead time is also consistent with the fact that 165 the SF mechanism is usually at its strongest strength in boreal spring (Vimont et al. 166 2003) , while ENSO typically peaks in boreal winter. The PC of the CD mode (i.e., 167 PC3) has its largest positive correlation with Niño3.4 when it leads the index by 5-6 168 months and the largest negative correlation when it lags the index by 7-8 months. 169
These two extreme values of correlation correspond to the charging (discharging) of 170 ocean heat content before the El Niño (La Niña) onset and the discharging (charging) 171 of the ocean heat content after the ENSO fully develops. A lead-lagged regression 172 analysis of Pacific SST anomalies onto PC2 and PC3 also confirms that an ENSO 173 event develops after the CD and SF modes peak (Fig. S5) . 174
To examine the degree of ENSO complexity produced by the CD and SF onset 175 mechanisms, we performed a composite analysis that investigates the SST evolution9 associated with these two mechanisms. We first selected the months in which the PC2 177 For the SF mechanism, the composite evolution is less oscillatory (Figs. 2c, d) . before the onset. However, the evolution for the negative SF mechanism is not 202 symmetric with respect to the positive SF mechanism. The negative SF composite is 203 preceded by a strong El Niño, which has the magnitudes larger than the subsequent La 204
Niña. We noticed that a number of the preceding months used in this composite are 205 associated with the 1982-83 and 1997-98 El Niño events. Apparently, the ENSO 206 evolution is very different between the positive and negative phases of the SF 207 mechanism. The event-to-event evolution is more complex for the SF mechanism 208 than for the CD mechanism and is also more asymmetric between the positive and 209 negative phases of the SF mechanism. 210
We performed another analysis with the same set of months selected for the 211 composite SST analysis but focused on how the El Niño, La Niña, and neutral states 212 evolve from one to another. A month is determined to be in an El Niño (La Niña) state 213 if the Niño3.4 index in that month is greater (smaller) than or equal to (-)0.5°C. 214
Otherwise, it is in a neutral state. We also used different thresholds (0.5, 0.8, and 1.0 215 standard deviation) to define strong onset mechanisms and found the composite 216 results not sensitive to these thresholds (see Fig. S6 ). Figure 2e show the percentages 217 of ENSO states before and after the positive CD mechanism peaks (i.e., at lag 0). The 218 figure shows that, 5-6 months after the strong positive CD phase, close to 50% of the 219 months are characterized by an El Niño state. The figure also indicates that the strong 220 positive CD phase is preceded mostly (>60%) by a La Niña state. The composite for 221 the strong negative CD phase (Fig. 2f) shows a similar oscillatory evolution, except 222 11 that the negative CD phase is preceded by an El Niño and followed by a La Niña. 223
Figures 2e and f confirm that the CD onset mechanism strongly (>50-60%) regulates 224 the transitions between El Niño and La Niña phases. Therefore, the CD onset 225 mechanism acts to reduce ENSO complexity. 226 Figure 2g shows that a strong positive SF phase tends (about 40% of the time) 227 to be followed by an El Niño state, as we expect from the SF mechanism (e.g., Chang 228 Figure 2h shows that the negative SF phase tends (about 50%) to be followed 235 by a La Niña state. Interestingly, the negative SF phase is mostly preceded by an El 236 Niño (about 38%) or La Niña (51%) state but not the neutral state. The transition from 237 a La Niña to another La Niña results in a multi-year La Niña event. That is, the 238 negative phase of the SF mechanism is forced by ENSO, which is very different from 239 the positive phase of the SF mechanism that is mostly not related to ENSO forcing. 240
The ENSO evolution revealed by Figure 2e -h indicates that the CD onset 241 mechanism tends to force ENSO to oscillate between the El Niño and La Niña phases, 242 whereas no such a regulatory or oscillatory tendency exists for the SF onset 243 mechanism. Therefore, the CD mechanism contributes to reduce the ENSO 244 complexity, while the SF mechanism contributes to increase the ENSO complexity. (Fig. S7) . 257
The asymmetry between the positive and negative phases of the SF mechanism is one 258 possible reason why multi-year La Niña events occur more often than multi-year El 259 of this asymmetry associated with the positive and negative phases of the SF 261 mechanism needs to be investigated but is beyond the scope of this study. 262
We next use the CMIP5 pre-industrial simulations to examine two of our main 263 findings so far: (1) that the SF mechanism increases ENSO complexity while the CD 264 mechanism decreases complexity and (2) that the SF mechanism increases El Niño-La 265 Niña asymmetries. Based on the eigenvalues of the CD and SF modes (Fig. S8) , we 266 find that most (26 out of the 34) CMIP5 models are dominated by the CD onset 267 mechanism. Only 8 of the models are dominated by the SF onset mechanism. As the 268 13 observation during the analysis period is dominated by the SF mechanism, this simple 269 analysis indicates that contemporary climate models in general overestimate the 270 strength of the CD onset mechanism but underestimate the strength of the SF onset 271 mechanism. Based on the observational composite analysis, we expect the models 272 dominated by the CD onset mechanism to produce more regular and less complex 273 ENSO evolutions compared to the models dominated by the SF mechanism. The 274 power spectra of the Niño3.4 index produced by these two groups of models confirm 275 this speculation. Figure 3 reveals that the mean spectrum averaged from all the 276 CD-dominated models shows a sharp peak in power centered around 3-4 years 277 indicating a very regular ENSO evolution, whereas the mean spectrum of the 278 SF-dominated models show large values of the power spread out over 2 to 6 years 279 indicating a less-regular and more-complex evolution of their simulated ENSOs. 280
We also compared the El Niño-La Niña asymmetries between these two model 281 groups by examining the ratio of the number of multi-year El Niño events to the 282 number of multi-year La Niña events in the pre-industrial simulations. Figure 3b  283 shows that most (six out of eight) of the SF-dominated models show a ratio that 284 indicates a preference for more multi-year La Niñas than El Niños. In contrast, the 285 CD-dominated models do not show a preference of having more multi-year El Niño 286 or La Niña events. This result adds some support to the notion that the SF mechanism 287 can increase the El Niño-La Niña asymmetries. 288
We performed a 15-year sliding lead-lagged correlation between the PCs of 289 the CD and SF modes constructed from the observations and the Niño3.4 index to 290 examine the decadal variations of these two onset mechanisms. As shown in Figure 4 , This result indicates that the strength or the contribution of the CD mechanism to 295 ENSO does not exhibit any strong decadal variations during this period. In contrast, 296 the correlation of the SF mechanism with the Niño3.4 index is weak before 1980, 297 which means that the SF onset mechanism has become important only recently. The 298 correlation intensified in particular after the early 1990s, which implies that ENSO 299 complexity may have become more prominent during the last two decades. This is 300 consistent with Yu et al. (2015), who reported that the SF mechanism intensified after 301 the Atlantic Multi-decadal Oscillation (AMO) switched from a negative to a positive 302 phase in the early 1990s. Lyu et al. (2017) showed that a positive phase of the AMO 303 can intensify the eastern Pacific subtropical high enhancing the WES feedback 304 strengthening the SF mechanism. Figure 4 , in fact, also implies that the SF onset 305 mechanism is more sensitive than the CD onset mechanism to changes in Pacific 306 mean state. We note that the SF mechanism may have also changed after 2005 but 307 since this change occurs toward the end of the period examined more data is needed 308 to confirm this change. 309 310
Summary and Discussion 311
In this paper, we examined how the onset mechanisms can affect the ENSO 312 complexity. We showed that the SF onset mechanism is a key source of ENSO 313 complexity and is also capable of importing extratropical influences that can produce 314 15 multi-year La Niña events as well as El Niño-La Niña asymmetries, a finding that has 315 not previously been emphasized. Our results are consistent with the existing view that 316 stochastic forcing from the extratropics can increase ENSO irregularity (e.g., Chang 317 et al. 1996; Alexander et al. 2010) and diversity (e.g., Capptondi et al. 2015 ), but we 318 are able to additionally and more specifically describe how the extratropcial stochastic 319 forcing works through the SF mechanism to increase ENSO complexity. The analyses 320 of the two onset mechanisms shed light on the possible sources/causes of the ENSO 321 complexity, which may enable us to better project future changes in ENSO. 
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Text S1. Two additional MEOF analyses
To examine the robustness of the MEOF modes shown in Figure 1 , we conducted two additional MEOF analyses. In the first one, the MEOF analysis was applied separately to the first and second halves of the analysis period: 1958-1985 and 1986-2014 . Figures S1 and S2 show that SF and CD modes obtained from both of the half periods are similar to those obtained from the full period. In the second additional analysis (see Fig. S3 ), we repeated the MEOF analysis but using SST, SSH, and surface winds obtained from Figure S1 , except for period 1986-2014. Figure S3 . As in Figure S1 , except the MEOF analysis is applied to other datasets: the ERSST v3 for SST, the JRA55 for wind, and the ORAS4 for SSH. , 1970, 1983, 1998, and 2010) . The thick-solid lines are the means of the four events, whereas the colored thin lines are for the individual events.
The long-dashed lines are the mean values of Niño3.4 index averaged over all four events.
